Single crystalline strontium borate (SrB 2 O 4 ) nanorods were synthesized for the first time via a facile solgel route at low temperature. The SrB 2 O 4 nanorods have a good crystalline nature with the growth direction along the [511] orientation and they are transparent from the ultraviolet to the visible regimes. Nanoscale three-point bending tests were performed directly on individual nanorods to probe their mechanical properties using an atomic force microscope. The elastic modulus of SrB 2 O 4 nanorods was measured to be 158.2 AE 2.8 GPa, exhibiting a significant increase compared with other borate nanostructures and bulk borates.
Introduction
One dimensional (1D) metal borate nanostructures have attracted tremendous attention due to their outstanding chemical inertness, high temperature stability, excellent mechanical properties, and low thermal expansion coefficient. [1] [2] [3] [4] [5] [6] [7] [8] As an important type of optical materials, 9 strontium borates have shown various promising applications in high pressure sensors, 10 magnetooptical media, 11 ultraviolet (UV) phosphors, 12 and detectors for thermoluminescent dosimetry. 13 Guided by the SrO-B 2 
Experimental
All chemicals used in our experiments were purchased and used without any further purification. Strontium chloride dihydrate (SrCl 2 $2H 2 O) was purchased from Alfa Aesar. Sodium borohydride (NaBH 4 ) and cetyltrimethylammonium bromide (CTAB) were purchased from Sigma Aldrich.
In a typical experiment, 1 mmol of SrCl 2 $2H 2 O and 1.5 mmol of CTAB, and 6 mmol of NaBH 4 and 1 mmol of CTAB were separately dissolved in 12 ml distilled water with constant magnetic stirring at room temperature. Then the NaBH 4 solution was added dropwise to the SrCl 2 solution in 2 min. The reaction mixture was stirred for half an hour, and then stored in air at room temperature without stirring or shaking, and after 48 h a white gel was formed. The as-prepared precursors were placed in an alumina boat and annealed at 800 C for 1 h in Ar. The white products were washed with distilled water and absolute ethanol three times, respectively, and dried at room temperature.
The chemical process for synthesizing SrB 2 O 4 nanorods can be described in the following reaction:
The crystal structure of the products was characterized by XRD (Rigaku DMax 2200 using Cu K a radiation). A few drops of ethanol solution containing the as-prepared products were deposited onto copper grids for transmission electron microscopy (TEM, Hitachi H-8000), and HRTEM (JEOL JEM 2010F) analyses. The solvent was then vaporized under ambient conditions. The resulting product was collected for characterization by scanning electron microscopy (SEM, Zeiss Ultra Plus FESEM). The UV-vis absorbance spectrum of the as-prepared products was obtained using a Beckman Coulter 640 DU spectrophotometer and quartz cuvettes from Starna. Chemical compositions and oxidation states of the products were determined by X-ray photoelectron spectroscopy (XPS, a Kratos Axis Ultra DLD instrument equipped with a monochromated Al Ka X-ray source and a hemispherical analyzer capable of an energy resolution of 0.5 eV). Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were carried out using a Thermal Analysis Instruments SDT2960 Thermogravimetric Analyzer with a scan rate of 20 C per minute. Fourier transform infrared (FTIR) analysis was performed using a Perkin Elmer Spectrum 100 FTIR spectrometer fitted with a Diamond ATR attachment. Nanoscale three-point bending tests were performed directly on individual nanorods to probe their mechanical properties using AFM. To avoid sliding during the bending tests, both ends of the nanorods, which bridged over the trench, were clamped by electron beam induced deposition (EBID) of paraffin in SEM (FEI Quanta 200). [16] [17] [18] This carbonaceous material thin layer and the strong adhesion force between the nanorod and the edges of the trench ensured the full clamping of the both ends of the suspended SrB 2 O 4 nanorod during the bending tests, and thus the suspended SrB 2 O 4 nanorod can be treated as a double clamped beam. A, and space group of Pbcn). No impurity peaks were observed, indicating high purity of the product. The SEM image of the product shown in Fig. 1b reveals that the product is composed of SrB 2 O 4 nanorods with an average diameter of 80 nm and a length ranging from 1 to 3 mm. A highmagnification SEM image shows that the SrB 2 O 4 nanorods have a circle-like cross-section (Fig. 1c) . The energy dispersive spectroscopy (EDS, Fig. 1d ) pattern of the SrB 2 O 4 nanorods indicates that the nanorods contain Sr, B and O with the atomic ratio of 18.5 : 29.5 : 52.0, which is comparable to that obtained by XRD. The TEM image (Fig. 1e) shows that the SrB 2 O 4 nanorods have very smooth surfaces and the average diameter and length of the nanorod are consistent with the SEM results. The representative HRTEM image (Fig. 1f) To investigate the growth process of the SrB 2 O 4 nanorods from the originating precursor (the white color gel obtained from the reaction mixture without heat treatment), both TGA and DTA were performed, as is shown in Fig. 2 . For the precursor, the weight loss was found to be about 82.3% in the range of 25-300 C when heated in air, in good agreement with the weight loss from the removal of the adsorbed water molecules and the organic groups. Detailed analysis of the TGA curve (Fig. 2) reveals that the weight loss process occurred in two stages, the same as the thermal chemistry process of the reported hydrated borate. 19, 20 As determined by EDS, the white color gel (precursor) contains Sr, B, O, C, Na, Cl and Br elements. The contents of C and O reach upto 70 wt%, which indicates that the first stage is related to the removal of the adsorbed water molecules and the hydroxyl groups in the temperature range of 76-180 C with a weight loss of 55.7%, and the second stage is ascribed to the decomposition of the organic components in the range of 200-300 C with a weight loss of 26.1%. These two weight loss stages agree well with the two endothermic effects at about 125 C and 240 C in the DTA curve (Fig. 2) . The exothermic effect at about 600-870 C can be attributed to the crystallization of the SrB 2 O 4 crystals.
Results and discussion
XPS analysis was carried out to further characterize chemical compositions of the SrB 2 O 4 nanorods (Fig. 3) . The binding energies were corrected by taking C 1s at 284.8 eV. The survey spectrum, as shown in Fig. 3a , exhibits Sr 3d, B 1s, O 1s and C 1s core levels, and O Auger peak. In Fig. 3b , the peaks at 133.2 eV and 134.8 eV in the curve can be attributed to Sr 3d 5/2 and Sr 3d 3/2 , respectively. In Fig. 3c , the peak at 191.8 eV can be assigned to B 1s core level. In Fig. 3d, 
cm
À1 is attributed to B-O extra-ring stretching. 3 The bands at about 897 cm À1 are due to the BO 3 symmetric stretching modes. The band at 1417 cm À1 is due to the asymmetric stretching vibration of the group BO 3 . The band at 1131 cm À1 is assigned to the in-plane bending of the group BO 3 . The bands observed at 726, 699, and 678 cm À1 are due to the out-of-plane bending mode of the group BO 3 . The FTIR spectrum confirms the existence of the trigonally coordinated boron atoms, consistent with the crystallographic study.
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Nanoscale three-point bending tests 17, 24 were performed directly on individual SrB 2 O 4 nanorods to probe their mechanical properties (Fig. 6a) . To avoid sliding during the bending tests, both ends of the nanorod, which bridged over the trench, were clamped by EBID of paraffin. [16] [17] [18] Fig. 6b and c are representative SEM and AFM images of an EBID-fixed nanorod, respectively. Fig. 6d shows representative force-piezo position (F-Z) curves obtained along the Z-direction on the nanorod directly sitting on a Si wafer and the suspended nanorod, respectively. The F-Z curves exhibit a strong linear relationship up to 450 nN. On the basis of elastic beam-bending theory, the elastic modulus of SrB 2 O 4 nanorods, E n , can be calculated from the equation:
where I is the moment of inertia. For a circle-shaped nanorod, I ¼ pr 4 /4, where r is the radius of the nanorod. L is the suspended length of the nanorod and F is the applied load at its mid-point position. k n (¼F/d n ) is the spring constant of the nanorod, and can be obtained from the equation:
where k 1 and k 2 are the slopes of the F-Z curves for the SrB 2 O 4 nanorod directly sitting on the Si wafer and the suspended SrB 2 O 4 nanorod, as shown in Fig. 6d 
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These findings are significant for designing strontium borate nanostructure-based nanocomposites and nanodevices, and lay a constitutive foundation for modeling the nanostructures of strontium borates and other borate nanostructures.
Conclusions
In summary, single crystalline strontium borate (SrB 2 O 4 ) nanorods were synthesized for the first time via a facile sol-gel route at 
